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IlocTpoeHO nojiHoe acHMnTOTHuecKoe pa3Jio>KeHHe perneHHii 3a,naHn o jiHHeimoH 
ycToflHHBOCTH TpexiviepHbix CTairHOHapHbix npocTpaHCTBeHHO-nepnoflHuecKHx Miyj 

COCT05IHHH nO OTHOineHHK) K flJIHHHOnepHOflHBIM B03Myni;eHH5IM. HafifleH TeH30p BHX- 

peBoii ,a,H(p(py3HH fljia CTaiiHOHapHbix cocto3hhh, oSjiaflaiomiix n,eHTpajibHOH chmmct- 
ppieH. HncjieHHO noKa3aHO, hto scpcpeKT OTpiiiiaTejibHOH BHxpeBofi ,nH(p(py3HH noaBjia- 
eTca ripn yaeTe HajiHuna B03MymeHHH nojia ckopocth npn cymecTBeHHO 66jibniHx 
3HaneHHax KOScpcpiiinieHTa MOJieKyjiapHoii MarHHTHoii flH(pdpy3HH, neivi b 3a^ane KHHe- 
MaTHHecKoro flHHaivio (b Koropoii npe^nojiaraeTca OTcyTCTBue B03Mym;eHHH nana 
. ckopocth). 
O . 

1. BBefleHne. 

■ CorjiacHO o6m,enpHHflTbiM npe^CTaBjieHHaM MamnTHoe none 3eMjin o6a3aHO cbo- 

hm cymecTBOBaHneM MarHHTOKOHBeKiiHOHHbiM npon,eccaM bo BHenmeM a,a,pe. B npnH- 
Hime sth nponeccbi mojkho nncjieHHO MO^ejinpoBaTb, peniaa cooTBeTCTByioinyio cnc- 
TeMy TpexiviepHbix ypaBHeHnn - ypaBHeHne HaBbe-CTOKca c yneTOM chji Jlopemia 



n TepMOKOHBeKD^HOHHon njiaByaecTH, ypaBHeHne MamnTHon HHflyKHHH n ypaBHeHne 
TenjionpoBOflHOCTH. 3tot no^xofl npnivieHeH, Hanpniviep, b [Glatzmaier, Roberts, 1995, 
1996; Roberts, Glatzmaier, 2001; Sarson, Jones, 1999] ,njia H3yneHna HHBepcnn MamnT- 
Horo nojia 3eMJin. O^HaKO oh nivieeT BHyTpeHHne orpaHnneHna, CBa3aHHbie c He^ocTa- 
tohhoh BbiHHCJiHTejibHon MomHOCTbio cy^ecTByroiHirx KOMnbiOTepoB - pa3penieHne, 
KOTopoe mojkho nojiynHTb b pacneTax, Majio fljia a^eKBaTHoro npe^CTaBJieHna penie- 
hhh npn 3HaaeHnax onpe^ejiaioiiiHx KOHCTaHT, cooTBeTCTByiomnx reo(pn3naecKHM 
ycjiOBnaM. TaKHM o6pa30M, onpe^ejieHHyio ueHHOCTb npe^CTaBjiaiOT aHajinTnaecKne 
penieHna n,i],eajiH3HpoBaHHbix 3a,nau. 

OflHa H3 TaKHx 3a,n;an paccMOTpeHa b ^aHHon pa6oTe - 3a^ana 06 ycTonnnBOCTn 
MarHHTornflpoflHHaMHnecKHx CTaiiHOHapHbix cocToaHHH. IlpeflnojiaraeTca, hto xapaK- 
TepHbiii npocTpaHCTBeHHbiii MacniTa6 paccMaTpHBaeMoro CTaiiHOHapHoro cocToaHHa 
cymecTBeHHO MeHbine xapaKTepHoro MacHrxaSa B03MymeHHH. OTHorneHHe sthx Macrn- 
TaSoB, e, mojkho Tor,na paccMaTpHBaTb KaK Majibiii napaivieTp, hto no3BOJiaeT npHMe- 
HHTb acHMnTOTHHecKHe MeTOflbi h nocTpoHTb penieHna 3a^aan 06 ycTOHHHBOCTH b 
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BHfle CTeneHHbix pa^OB no STOiviy napaivieTpy. IIoKa3aHO, hto ,n;jia cncTeivi oSmero 
nojiojKeHHa Majibie B03MymeHHa no^BepjKeHbi fleiicTBHio 7-3(p(peKra. KaK cjie^CTBHe, 

TaKHG CHCTGMbI HeyCTOHHHBbi: TJiaBHbie ^JieHbl pa3JIO>KeHHH C06CTBeHHbIX SHa^eHHH, 
COOTBeTCTByK)IIl,HX npOTHBOnOJIO>KHbIM BOJIHOBbIM BeKTOpaM, OTBeHaiOIUTIM flJIHHHbIM 

MacniTaSaM B03MymeHHH, HMeiOT npoTHBonojio>KHbie 3HaKii. 

B cjiynae, ecjin cncTeivia oSjia^aeT CHMMeTpneft OTHOCHTejibHO neHTpa (h TeM 
caivibiM He aBJiaeTca CHCTeMoii oSmero nojiojKeHna), 7-3(p(peKT OTcyTCTByeT, a rjiaBHbie 
HJieHbi pa3JiojKeHHii coScTBeimbix 3HaneHHH h coScTBeHHbix BeKTopoB aBJiaiOTca coot- 

BeTCTBeHHO C06CTBeHHbIMH SHa^eHHaMH H CoSCTBeHHblMH BeKTOpaMH Tax Ha3biBaeMoro 

onepaTopa aHH30TponHoii KOMSnHnpoBaHHOH BnxpeBOH (TypSyjieHTHon) ,a,n(p(py3nn. 
Oh aBJiaeTca onepaTopoM b nacrabix npoH3BOflHbix BToporo nopa^Ka h 3a^aeTca 
ypaBHeHHaMH (26), K03(p(pHnHeHTbi (27) KOToporo TpeSyiOT peineHna t.h. BcnoMora- 
TejibHbix KpaeBbix 3a^an (11), (12), (24) h (25) (cm. HHJKe). ^ZlaHHbie bo BcnoMoraTejib- 
hmx sa^a^ax HMeiOT eflHHCTBeHHbin xapaKrepHbiii npocTpaHCTBeHHbiii MacniTaS - tot 
jKe caMbifl, hto h paccMaTpHBaeMoe CTannoHapHoe cocToaHne - h nosTOMy ^onycKaiOT 
HHCJieHHoe peineHHe. OnepaTop BnxpeBOH ,TH(p(py3HH, b OTJinnne ot onepaTopa MOJie- 
KyjiapHoii flH(p(py3HH, mojkct He 6biTb 3HaKOonpe^;ejieH. B cjiynae, ecjin oh HMeeT 
nojiojKHTejibHbie coScTBeHHbie 3HaneHna, roBopaT o bo3hhkhobghhh (peHOMeHa OTpn- 
u,aTejibHOH ^H(p(py3HH. npoBefleHHbie HHCJieHHbie SKcnepnMeHTbi noKa3biBaiOT, *ito 
BHxpeBaa ,a,H(p(py3Ha mojkct npHHHMaTb OTpnnaTejibHbie SHa^eHna npn cymecTBeHHO 
SojibiHHx 3HaneHHax K03(p(pHiiHeHTa MOJieKyjiapHOH MarHHTHOH ^H(p(py3HH b pac- 
CMaTpHBaeMOH CHTyannn (T.e. npn yneTe Hajinnna B03MymeHHH nana ckopocth), neivi 

B CHTyaHHH KHHeMaTHHeCKOrO flHHaMO. 

OTMeTHM, *ITO yKa3aHHbie MexaHH3MbI B03HHKHOBeHHa HeyCTOH^IHBOCTH MarHHTO- 

rHflpoflHHaMH^ecKoro CTannoHapHoro cocToaHna aBJiaiOTca cjiaSbiMH: npn HajiH^HH 
7-3(p(peKTa rjiaBHbiH HjieH pa3Jio)KeHHa coScTBeHHbix SHa^eHHH nponopniioHajieH e, 
a fljia CHCTeM c ueHTpoM CHMMeTpnn nponopHHOHajieH e 2 . 

PaccMaTpHBaeMoe CTannoHapHoe MarHHTorHflpo^HHaMHHecKoe cocToaHne V, H, P 
y,a,OBjieTBopaeT CHCTeMe ypaBHeHHii 

i/AV + V x (V x V) + (V x H) x H - VP + F = 0, (1.1) 

77AH + V x (V x H) + J = 0, (1.2) 

V-V = V-H = 0. (1.3) 

3^,ecb V(x) - CKopocTb noTOKa npoBO^ameii >kh^kocth, H(x) - MarHHTHoe nojie, 
P(x) - ^aBjieHHe, v h rj - KOScpcpHnneHTbi KHHeMaTH^ecKoii h MarHHTHoii MOJieKyjiap- 
hoh ^H(p(py3HH, cooTBeTCTBeHHO, F(x) - o6T.eMHaa cnjia, J(x) OTBe^aeT Hajnrono 
b CHCTeMe pacnpeflejieHHa HajiojKeHHbix BHeniHHx tokob. Ilojia 27r-nepHOflHHHbi no 
npocTpaHCTBeHHbiM nepeMeHHbiM, nx cpe^Hne no npocTpaHCTBy paBHbi 0. Hccjie^OBa- 
Hne jiHHeiiHOH ycToiiHHBOCTH 3Toro CTan,HOHapHoro cocToaHHa npHBO^HT k 3aflaMe Ha 
coScTBeHHbie SHa^eHna 

z/Av + v x (V x V) + V x (V x v) + (V x h) x H + (V x H) x h — Vp = Av, (2.1) 

r]Ah + V x (v x H) + V x (V x h) = Ah, (2.2) 
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V-v = V-h = 0. (2.3) 

(YpaBHeHiia (2) nojiyneHbi CTaH/iapTHOH npoHe/xypoii OTSpacbraaHHH KBa/ipaTHHHbix 
HJieHOB b nojiHbix ypaBHeHnax, onHCbiBaioinirx sbojiiohhio B03MymeHHii, cm., Hanpniviep, 
[Chandrasekhar, 1961].) LIpe^inojiaraeTca, hto npocbnjiH B03Myin,eHHH v(x), h(x), p(x) 
HMeiOT npocTpaHCTBeHHbiii MacniTaS 2ir/e, r^e e > - MajibiH napaivieTp. B ,naHHOH 
paSoTe nocTpoeHO nojiHoe acnMnTomnecKoe pa3JiojKeHne jijih npodpnjien B03MymeHHii 
h HHKpeivieHTOB nx pocTa (hjih ySbiBaHiia) bo BpeMemi b Bnjj;e CTeneHHbix pa^OB no 
e (npn BbinojiHeHiin onpeflejieHHbix ycjiOBnn, onncaHHbix HHJKe). 

Ilpn paccMOTpeHHH yKa3aHHbix 3a,naH ncnojiB3yeTCH MaTeMaTnnecKaa Teopna 
ocpeflHeHHA jjndpcbepeHiiHajibHbix onepaTopoB [>Khkob, Ko3jiob, Ojighhhk, Xa TbeH 
HroaH, 1979; Ko3jiob, 1978; Bensoussan, Lions, Papanicolaou, 1978]. H3 aHajiornnHbix 
npeflCTaBJieHHbiM 3,n;ecb pa3JiojKeHnii jj;jih HeMaranTHbix cncTeivi (h = H = 0) cjiejjyeT, 

HTO 3(p(peKT OTpHUclTejIbHOH BHXpeBOH flH(p(py3HH MOJKeT B03HHKHyTb B jjByiviepHbix 

[Sivashinsky, Yakhot, 1985; Sivashinsky, Frenkel, 1992; Gama, Vergassola, Frisch, 
1994] n TpexMepHbix [Dubrulle, Frisch, 1991; Wirth, Gama, Frisch, 1995] rn^po^HHa- 
MHuecKHx cncTeiviax, ecjin none CKopocra o6jia,naeT neHTpajiBHoii cnMMeTpneii hjih 
aBJiaeTca nojieM BejibTpaMH. B rnjjpojjHHaMHnecKHx cncTeiviax, He HMeiomnx sthx 
cbohctb, nojj;o6Hbie pa3JiojKeHHH yKa3biBaiOT Ha Hajinnne t.h. AKA-scbcbeKTa (KHHeivia- 
THnecKoro a-scbcbeKTa) [Frisch, Zhen Su She, Sulem, 1987; Sulem, She, Scholl, Frisch, 
1989]. Ilpn nepeHOce naccHBHoro CKajiapa BHxpeBaa ,HHcbcby3Hfl tojibko ycnjiHBaeT 
MOJieKyjiapHyio ,nHcbcby3Hio [Biferale, Crisanti, Vergassola, Vulpiani, 1995; Vergasso- 
la, Avellaneda, 1997]. B 3a/iaHe KHHeMaTnnecKoro jjnHaivio (06 ycTonnnBOCTn MaranT- 
Horo nojia npn cpHKcnpoBaHHOM nojie ckopocth V npoBOJiamen cpejjbi) acnMnTOTnnec- 
Kne pa3Jio>KeHHH npejxcKa3biBaiOT noaBJieHne a- [BninnK, 1986; >KejinroBCKnn, 1990, 
1991; Zheligovsky, 1991] hjih 7-scbcbeKTa [Bhhihk, 1987], a ecjin y nojia ckopocth 
ecTb neHTp CHMMeTpHH - B03MO>KHOCTb reHepannn MarHHTHoro nojia nocpeflCTBOM 
MexaHH3Ma OTpnnaTejibHon BHxpeBoii /iHcbcby3HH [Lanotte, Noullez, Vergassola, Wirth, 
1999; Zheligovsky, Podvigina, Frisch, 2001]. 

2. <E>opMajibHbie acHMiiTOTHHecKHe pa3Jio>KeHH5i. 

1. LlycTb x, KaK h Bbinie, o6o3HanaeT SbiCTpyio npocTpaHCTBeHHyio nepeMemiyio, 
a y = ex - MefljieHHyio. PenieHne 3a/iaHH Ha coScTBeHHbie 3HaneHHH (2) nmeM b BH,u;e 
CTeneHHbix phjj;ob 

00 00 

v = EK(y) + w -( x -y)K\ h= £(h n ( y ) + &»(x,y))e B , (3) 

n=0 n=0 

oo 

p = EWy) + ?«( x .y)) £ ". ( 4 ) 

n=0 

oo 

A = E (5) 

n=0 

B (3), (4) v n , h n h p n - cpe^HHe nacra, a w n , g n h q n - cooTBeTCTBeHHO, ocnnjiJinpyioinHe 
nacTH cooTBeTCTByioni,Hx njieHOB pa3Jio>KeHHH. HivieeTca b BH^y ycpe^HeHHe no 6bict- 
pbiM nepeivieHHbiM: 

(f) = (2vr)- 3 / r3 f(x,y)rfx 
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- cpeflHaa, a {f } = f — (f) - ocnnjuinpyioinaH nacrb nana f (x, y). 

IlpHpaBHaeM Hyjiio KOScpcpnuneHTbi pa^OB no CTeneHHM e, nojiyneHHbix no^CTaHOB- 
koh paflOB (3) b (2.3). Bbi^ejiaa cpe^Hioio n ocnnjuinpyiomyio nacTb nojiyneHHbix 
ypaBHeHHH, Haxo^HM 

V y • v n = V y • K = 0, (6.1) 

V x • w n + Vy • w n _i = V x • g n + Vy • g„_l = (6.2) 

fljia Bcex n > 0. 3^ecb b flncpcpepeHnnajibHbix onepaTopax c HH^eKcaiviH x h y 
fliicpcpepeHinipoBaHiie npoH3BO^HTca no SbiCTpbiM n Me^jieHHbiM npocTpaHCTBeHHbiM 
nepeMeHHbiM, cooTBeTCTBeHHO (Bee njieHbi pa3Jio>KeHHH c HH^eKCOM n < no onpe^e- 
JieHHK) paBHbi 0). 

BBe^eM o6o3HaneHH5i 

L v (w, g, g) = z/A x w + V x (V x x w) + w x (V x x V) 

+(V X x H) x g + (V x x g) x H - V x g, 
L h {w, g) = ??A x g + V x x (V x g + w x H). 
Otmcthm, hto b cnjiy (1.3) n 27r-nepnoflnnHOCTH V n H 

(L"(w, g, g)> = (VV X • w - HV X • g), (L h (w, g)) = (7) 

fljia npoH3BOJibHbix nojien w(x, y), g(x, y), g(x, y), 27r-nepnoflnnecKHX no SbiCTpbiM 
nepeMeHHbiM. 

B ^ajibHennieM npe^nojiaraeM, hto fljia npoH3BOJibHbix f™(x), f ft (x) H3 npocTpaH- 
CTBa cojieHOHflajibHbix nojien c HyjieBbiM cpeflHHM, 27r-nepHO^,HnecKHx no Smctpmm 
nepeMeHHbiM, cncTeMa ypaBHeHnii 

L v (w,g,q) = r, L h (w,g) = i h , V x -w = V x -g = (8) 

HMeeT eflHHCTBeHHoe penieHne w, g, q b yKa3aHHOM npocTpaHCTBe. 3to ycjiOBne Bbinoji- 
HeHO fljia CTannoHapHbix coctohhhh (1) oSmero nojio>KeHHH (T.e. Majioe B03MyineHHe 
nojien F n J b cncTeMax, r^e oho He BbinojmeHO, npHBO^HT k ero BbinojiHeHHio) . 

rio^CTaBjiaa (3)-(5) b ypaBHeHHH (2.1) h (2.2), npeo6pa3yeM nocjie^HHe k Bn^y 
paBeHCTB pa^OB no CTeneHHM e. npnpaBHHBaa KOSCpcpnniieHTbi sthx pa^OB, nojiynaeM 
peKyppeHTHyio cncTeMy ypaBHeHnn, KOTopyio nocjie^OBaTejibHO peniaeM coBMecTHO 
c ycjiOBHHMH (6), Bbiflejiaa cpe^Hioio n ocHiuuinpyiomyio nacrb KajK^oro ypaBHeHHH. 

2. H3 rjiaBHbix njieHOB (nopa^Ka e°) pa^OB (2.1) n (2.2) nojiynaeM ypaBHeHHH 

L v (w , go, go) + v x (V x x V) + (V x x H) x h = A (v + w ), (9.1) 

L h (w , go) + (h • V X )V - (v • V X )H = A (h + g ). (9.2) 

ycpeflHHH nx c HcnojiB30BaHneM (7), nojiynaeM b cnjiy paBeHCTB (6.2) npn n — 0, 
hto = AoVo = Aoho, OTKy^a Ao = (ajibTepHaTHBHaa bo3mojkhoctb Vo = ho = 
He npeflCTaBJiaeT HHTepeca, t.k. OHa cooTBeTCTByeT B03MymeHnio KopoTKonepnoflHoii 

MOflbl) . 
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OcHHJiJiHpyioiHHe ^acTH ypaBHeHHH (9) b ciuiy hx jihhghhocth HMeiOT Tor^a 
pemeHiia cjie^yioiii;eH CTpyKTypbi: 

wo = E(Srv fc + SfrX), g = £(Sf + S^h*), (10.1) 

k=l k=l 

Qo = j:(S^ + S h ^K), (10-2) 
k=i 

r^e 27T-nepHO^,HHecKHe cpyHKHHH S c HyjieBbiM cpe^HHM aBjiaiOTca pemeHHHMH chctcm 
ypaBHeHHH 

L v (S v k ' v , Sf , = -e fc x (V x x V), (11.1) 
V x -Sr = 0, (11.2) 

: ITT 

^(Sr,Sf) = ^-; (11.3) 

L"(Si v ,8i h ,St*)=e k x(V x xK), (12.1) 
V x • S h k ' v = 0, (12.2) 

L h (S h k ^St h ) = -^-. (12.3) 

3^ecb - e^HHHHHbiH BeKTop B^ojib och KoopflHHaT Xk, BepxHHH HH^eKC k HyMepyeT 
KOMnoHeHTbi BeKTopa: 

3 3 

v o = J2 v o e fe> h o = J2 h o e fc- 

k=l k=l 

3aflanH (11) h (12) HMeiOT e^HHCTBeHHoe penieHne corjiacHO H3HanajibHOMy npeflnojio- 

>KeHHK) O pa3peiHHMOCTH 3a^aH (8). B3HB flHBepreHU,HK) ot (11.3) h (12.3), HaXO^HM 

v x • Sf = V x • = 0. 

3. PaccMOTpHM ypaBHeHna, nojiyneHHbie H3 hjichob (2.1) h (2.2) nopa^Ka e 1 . 
HcnojiB3yH (7), (6.2) npn n — 1 h (10.1), hx cpe^HHe nacra npe^CTaBHM b BH^e 



E( r rv y v fc + r^v y h fe ) - v yP ' = a iVo , (13.1) 
k=i 



V y xE(rfvo fc + r^)=A 1 h , (13.2) 



k=l 

r,n;e p = po — (V ■ w — H • g ), sjieivieHTbi MaTpnii; T k ,v pa3Mepa 3x3 HMeiOT bh^ 

{vY)J = {-v m (s v k y - v j (s v k ' v ) m + n m (s v k ' h y + w(s v k h ) m ), 
(r h k ' v )™ = (-v m (s h k ' v y - v j (s h k v ) m + n m (s h k ' h y + n j (s h k h ) m ), 

a TpexMepHbie BeKTopbi T k h 3a,a,aiOTCfl Bbipa>KeHHHMH 

T v k ' h = (V x S v k h - H x SD, rj' ft = (V x S£' h - H x S^). 
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^ajibHenniHH xo^ penieHHH ypaBHeHHii, nojiyneHHbix 113 (2.1) h (2.2) npn n > 0, 
fljia cjiynaeB 7-3(p(peKTa h BHxpeBoft ^H(p(py3HH pa3JiHneH. 

3. 7-3cpcpeKT. 

4. CoScTBeHHbie (pyHKipiH 3a^aHH Ha coScTBeHHbie 3HaHeHiia (13) aBjiaiOTca rapMO- 
HHKaMH Oypbe: Vo = Voe^ y , ho = hoe^ y , r^e £ - npon3BOJibHbra nocToaHHbin 
bojihoboh BeKTop, a BeKTopbi Vo h ho y^OBjieTBopaiOT cjie^yioiu,HM ycjiOBPiaM: 

" |^ x >< IK^T + hS^e) = Aivo, (14.1) 

« x E(v fc rf + h*r*' fc ) = Axho. (14.2) 

fc=l 

YcjiOBHa cojieHOH^ajibHOCTH (6.1) npeo6pa3yiOTca k Bn,a,y 

v -e = h -e = 0. (15) 

06o3HaHHM MaTpiiny pa3Mepa 6 x 6 b JieBoii nacTH (14), KOTopaa yMHOJKaeTca 
Ha BeKTop (v ,h ), nepe3 r(£). OToSpajKeime (v ,h ) — > r(£)(v ,ho) aBJiaeTca 
chmbojiom npe^ejibHoro nceBflOflH(p(pepeHH;HajibHoro onepaTopa L^, ,u;eHCTByioni;ero 
Ha (v (y), h (y)), KOTopbift onpeflejieH JieBoii nacTbio (13). IlycTb 

^ = {(v, h) | v, h G R\ v • £ = h • f = 0} C it> 6 , 

# s = {f ( y ) g # S (T 3 ) | V • f = 0}, 

r,a,e H S (T 3 ) - npocTpaHCTBO CoSojieBa c mctphkoh Wf (T 3 ) cojieHOHflajibHbix (byHKipiH 
c HyjieBbiM cpe^HHM Ha TpexMepHOM Tope. Otmcthm cjieflyiomee cbohctbo cneKTpa 
Loq-. ecjiH A - coScTBeHHoe 3HaneHHe, OTBenaiomee HeKOTopoMy BOJiHOBOMy BeKTopy 
£, to —A - coScTBeHHoe 3HaneHHe, OTBenaiODTee — £. TaKHM o6pa30M, HMeeT MecTO 
xapaKTepHaa fljia 7-3(p(peKra ajibTepHaTHBa: jih6o B03MymeHHe c jhoSbim bojihobbim 
BeKTopoM HMeeT BHfl rapMOHHnecKHx KOJieSaHHH c nocToaHHoii aMnjiHTy^oii, jih6o 

CyiU,eCTByiOT BOJIHOBbie BeKTOpbl, RJIil KOTOpblX B03MyiH,eHHa HeyCTOHHHBbl. 

5. ,I[ajibHeHHiee H3Jicx>KeHHe b flaHHOM pa3,a,ejie npoBe^eivi pjisi cjiynaa, Kor^a fljia 
npeflejibHoro onepaTopa BbinojiHeHO cjieflyiomee ycjiOBne THna sjijihhthhhocth: fljia 
jiioSoro £ MaTpHH^a r(£) onpeflejiaeT jiHHeimbiH onepaTop, fleiicTByioiHHH b HeBbi- 
pojK^eHHO. Tor^a o6pa3 jiHHenHoro onepaTopa : H s+1 — > H s 3aMKHyT, HMeeT 
^HCKpeTHbiH cneKTp, h fljia jiioSoro A, npHHaflJie>Kaiu,ero pe30JibBeHTHOMy MHO>KecTBy 
Loo, onepaTop (L^ — A) -1 KOMnaKTeH. 

KpoMe Toro, Sy^eM npe^nojiaraTb ,h;jih npocTOTbi, hto KpaTHOCTb coScTBeHHoro 
3HaHeHHH Ai MaTpnubi r(£) paBHa 1. 3to nocjie^Hee ycjiOBne He Bbi3BaHO cymecTBOM 
flejia - aHajiorHHHbie (HecKOJibKO Sojiee rpoM03^KHe) nocTpoeHHH mojkho npoBecTH 
h b cjiynae KpaTHoro coScTBeHHoro 3HaneHHa. Oho BbinojiHeHO rjisi chctcm oSmero 
nojio>KeHHa, T.e. ecjin ,a,jia HeKOToporo CTainiOHapHoro cocToaHHa paccMaTpnBaeMoe 
coScTBeHHoe 3HaneHHe OKa3ajiocb KpaTHbiM, to npn noHTH jiioSom MajiOM B03Myni;eHHH 
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cpyHKHHH F h J, onpe^ejiaiomnx CTairnoHapHoe cocTOHHne CHCTeMbi (1), sto coScTBeH- 
Hoe 3HaneHHe pacmenjiaeTCH Ha cooTBeTCTByiornee hhcjio coScTBeimbix 3HaneHHH 

KpaTHOCTH 1. 

JXjir pemeHiia ypaBHemiii, nojiy x ieHHbix H3 mjichob (2.1) h (2.2) nopa^Ka e n npn 
n > 0, y^,o6HO c^ejiaTb noflCTaHOBKH 

w„ = < + E(srv!S + sJ'X), (i6.i) 

k=l 

gn = g ; + E(Sfv^ + S^), (16.2) 

fc=l 

^ = ^ + E(^'M + «), (16-3) 
k=l 

nocjie nero sth ypaBHeHHH npHHHMaiOT bh,ii; 

L v «, S' n , q' n ) + v (2(V X • V y )w n _! + A y (v„_ 2 + w n _ 2 )) 
+V x (V y x (v„_i + w n _i)) + (V y x (h„_! + g n _x)) x H 

n-l 

-V y (p n _i + g n _i) - E A„-m(v m + W m ) = 0, (17.1) 

m=0 

L h (w' n , g' n ) + 77 (2(V X • V y )g„_ 1 + A y (h n _ 2 + g„_ 2 )) 

-(V • Vy)h n _! + (H • Vy)V n _! 

n— 1 

+V y x (V x g n _x + w n _x x H) - ]T A n _ m (h m + g m ) = 0. (17.2) 

m=0 

IloKajKeM, hto (17) mojkho nocjie^OBaTejibHO peniHTb, npnneM 

v n (y) = v n e l « y , h n (y) = h n e* y , p n (y) = p n e^ y , (18.1) 

w n (x, y) = w n (x)e^, g n (x, y) = g ft (x)e l « y , g n (x, y) = <? n (x)e* y . (18.2) 

ilpeflnojioJKHM, hto fljia HeKOToporo iV penieHbi Bee ypaBHeHHH npn n < N h onpe^,e- 
jieHbi HeH3BecTHbie (pyHKipiH v n , w n , h n , g n ,Pn, 9n npH Bcex n < N — 1, wj v _ 1 , gjv_ 1; 

a TaKJKe A n npn Bcex n < N, npnneM 3aBiicnMOCTb Hen3BecTHbix (pyHKuiiH ot 
Me^jieHHoii nepeMeHHoii BbipajKaeTca corjiacHO (18) b hx nponopuiiOHajibHOCTii e^ y . 
PaccMOTpHM ypaBHeHne, cooTBeTCTByiornee n = N. 

rio^CTaHOBKa (16) npH n = N — 1 npiiBO^HT cpe^Hne nacTH ypaBHemiii (17) npn 
n — N k BH^y 

E(rTv y v* _! + rl'^vX-i) - VyP^v-! - a^.x - a^v 

= -(V X (Vy X W^_J - Wy • + (Vy X g^_J X H + HVy • g'^) 
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N-2 

-vAyV N - 2 + ^N-mV m , (19.1) 

m=l 

Pn-i = PN-i - (v • E(S^v* _ x + S*'X-i) 
\ fe=l 

-H.^(Sfv^_ 1 + S^-i)), 
fc=i / 

H 

v y x E(rf v^_ x + r^h^j - Axh^.x - x N h 

k=l 

N-2 

= -r]A y h N _ 2 - V y x (V x g' N ^ + w^_ x xH)+^ X N - m h m . (19.2) 

m=l 

CorjiacHO npeflnojicoKeHHio HHflyKnnn npaBbie nacra (19) HMeiar bh^ fjye^ y n f^e^ y , 
r^e BeKTopbi-KOHCTaHTbi h fjy yjKe H3BecTHbi, npnneM fjy •£ = 0. Hcnojib3ya (18.1) 
npn n — N — 1, H3 (19) nojiynaeM 

™-^(a-*-(a-("^r x * ) )- <2o » 

3iy 3a^aHy paccMaTpHBaeM b V%. IIpoeKTHpya (20) Ha (vo,ho) £ Vg, Haxo^HM Aw- 
CHHTaeM, hto KOMnoHeHTa BeKTopa (vjv-i, hjv-i) H3 noflnpocTpaHCTBa, HaT5myToro 
Ha (v ,h ), paBHa Hyjiio (sto ycjiOBHe hopmhpobkh cooTBeTCTByeT TOMy cpaKTy, hto 

C06CTBeHHyK) CpyHKniHO MCO-KHO yMHO>KHTb Ha npOH3BOJIbHyK) aHajiHTHnecKyio (pyHK- 

nnio e). IlocKOJibKy b cnjiy ncxoflHoro npeflnojicoKemia iviaTpnna r(£) — Ai oSpaTHMa b 
^onojiHHTejibHOM coScTBeHHOM no^npocTpaHCTBe npocTpaHCTBa V^, H3 (20) Haxo^HM 
(vjv-i, hjv_i). HaKOHen;, (19.1) onpeflejiaeT Pjv_ l5 a (16) npn n = N — 1 - cpyHKnnn 

Wjy_i,gjv-1 h Qn-i- 

OcnnjuinpyioinHe nacTn ypaBHeHnn (17) npn n = N, paccMaTpnBaeivibie npn 
ycjiOBHHx V x -w^y = — V y -WAT_i h V x • gjv = ' giv-i (cjie^CTBHax (6.2) ), MffiKHO 

Tor^a peniHTb, Bbi^ejiaa rpa^neHTHyio nacTb Hen3BecTHbix BeKTop-cpyHKniiH. IlycTb 
ip N h ip% - 27r-nepHOflHHecKHe no SbiCTpon nepeivieHHOH penieHna KpaeBbix 3a^an 

Ax^AT = — V y • WjV-1 H A x if% = — V y • gjv-l- IlOflCTaHOBKH 

w^y = w^r + V x v?7v ii Sn = Sn + npnBOflaT ocnnjiJinpyioinHe nacTH ypaBHeHnn 

(17) k 3a^,ane OTHOCHTejibHO w^r, g% BH^a (8) c ycjiOBneM cojieHOH^ajibHOCTH Hen3Be- 
CTHbix BeKTopHbix nojieii. 

TaKHM o6pa30M, nocTpoeHO nojmoe acnMnTOTnnecKoe pa3JiojKeHne moa jinHenHbix 
B03Myni;eHHH n nx BpeivieHHbix HHKpeMeHTOB fljia cjiynaa, Kor^a ^Jia npe^ejibHoro 
onepaTopa BbinojmeHO npHBe^eHHoe Bbinie ycjiOBne Tnna sjijihhthhhocth. TonHee, 
mojkho noKa3aTb, hto b 3tom cjiynae Ka>K^OMy coScTBeHHOMy 3HaneHHio onepaTopa 
Lqo OTBenaeT BeTBb coScTBeHHbix 3HaneHHH ncxoflHoro onepaTopa (3a,a,aHH (2) ), 
npHHeM acHMnTOTHHecKne pa^bi (3)- (5) cxo^aTca npn ^ocTaTOHHO Majibix e. ^OKa3a- 
TejibCTBO SToro ocHOBaHO Ha npHMeHeHHH Teopnn B03MymeHnn onepaTopoB [KaTO, 
1972] n cjie^yeT flOKa3aTejibCTBy [BnninK, 1987] fljia nncTO MamnTHoro cjiynaa. 
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4. BHxpeBaa ,a;iicbcby3H5i. 

6. B flaHHOM pa3flejie paccMOTpeH cjiynafi, Kor^a CTaHHOHapHbie nana HMeiar 
Hemp CHMMeTpHH, KOTopbiH 6e3 noTepn oSihhocth CHHTaeM pacnojio>KeHHbiM b Hanajie 

KOOp^HHaT! 

V(x) = -V(-x), H(x) = -H(-x). (21) 

Tor^a oSjiacTb onpeflejieHHa onepaTopa (L v ,L h ) pacna^aeTca Ha flBa coScTBeHHbix 
no^npocTpaHCTBa, cocTOHmne H3 CHMMeTpHHHbix (f(x) = f (— x) ) h aHTHCHMMeTpHH- 
hmx (f (x) = — f (— x) ) nojiefi. IIosTOMy BbinojiHeHbi chmmctphh 

= Sr(-x), Sf (x) = Sf (-x), 5^(x) = -SZ*(-x), (22.1) 

S^(x) = S*'"(-x), S^(x) = S^(-x), S**(x) = -S**(-x), (22.2) 

h cjie^OBaTejibHO r(£) - HyjieBaa MaTprma. YpaBHeHna (13) CBO^aTca Tor^a k 
— VyPo = Aiv h = Aih , OTKy^a Ai = h p = 0. 

7. OcuiiJiJiiipyiomHe nacTH ypaBHeHHii (17) npn n = 1 

L"(wi, gi, gi) = -2z/(V x • V y )w - V x (V y x (v + w )) 

-(V y x (h + g )) x H + V y g , 
^(w' 1 ,g / 1 ) = -2r ? (V x -V y )g 
+ (V • V y )(h + go) - (H • V y )(v + w ) - VV y • go + HV y • w , 
b CHjiy (10) h jiHHeHHOCTH 3THX ypaBHeHHii HM6K)T penieHna cjieflyiomen CTpyKTypbi: 



w i 



3 3 a k aufc 

'"EE^I + G^), (23.1) 



k=l m=l 



^EEiG^ + GA (23-2) 

k=l m=l u Jm Uym 



3 3 Qyk QYy k 

Qi — 5E 5E (^m P fc o 1" G^ k - — ), (23.3) 

fc=l m=l °Ym Oy m 

r^e (byHKn,HH G aBjiaiOTca penieHHHMH chctcm ypaBHeHHii 

^(G^, G£ fc ) = -2i/^- - V k e m + V m e fe - (V • Sf^ 

+V m S^ + e m S v k ' p + (H • S v k ' h )e m - U m S v k ' h (24.1) 

V x • G^ = -(SIT 1 , (24.2) 

^(G^,G^ fc ) = -2^ 

-V(S^) m + V m S^ + H(S^) m - H m S^ - H m e fe ; (24.3) 
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L v (G h m : k , G% k ) = -2u^- + H k e m - H m e k - (V • S^)e m 

ux. m 

+ ym S h,v + em ^, P + (H . S M) em _ H m S^ (25.1) 
V x -G^ = -(S^r, (25.2) 

L h (G h m : k ,G h m h k ) = -2 V ^- 

CX m 

-V(S^) m + V m S^ + H(S^) m - H m S^ + V m e k (25.3) 
B33B flHBepreHHino ypaBHeHHii (24.3) h (25.3), h cpaBHHB pe3yjibTaT c to-mh 

KOMIIOHeHTclMH ypaBHeHHH (11-3) H (12.3), COOTBeTCTBeHHO, HaXO^HM 

V x • = -(Sf ) m h V x • Gjft = -(SjV- Bcjie^CTBHe (21) h (22) npaBBie 

nacTH ypaBHeHHii (24) h (25) hbjihiotch aHTHCHMMeTpHHHBiMH nojiHMH, nosTOMy 
BbinojiHeHbi cjieflyiomHe cooTHOineHHH chmmctphh: 

G^ki*-) = — G^ fc (— x), G^ fc (x) = — G^ fc (— x), G^ p fc (x) = G^ p fc (-x), 

G^(x) = -G^y fe (-x), G^ h fc (x) = -G^(-x), G^ p fc (x) = G^ p fc (-x). 

8. Cpe^HHe nacTH ypaBHeHHii (17) npn n = 2 mojkho Tor^a b cnjiy (7), (6.2), 
(23.1) h (23.2) npeflCTaBHTb b BH^e 

^A y h + EE (V y ^- x DJ& + V y ^ x D^i) = A 2 h . (26.2) 

fc=l m=l ^Jm 

3^ecb o6o3HaHeHO 

3 3/ a fc aufc \ 



fc=l m=l 



D£m = - V(G^ + IPG^ + H(G^>, 

D = (-V'Gjj - V(G^y + WG h m h k + H(G^>, 

D m!fc = (V x G^ fe - H x G v ^ k ), 

D^ = (VxGj r HxG5. 

CoScTBeHHbie (pyHKipra 3a^aHH (26) - rapMOHHKH Oypbe: 
v = v e^ y h h = h e^ y , r^e £ - HeKOTopbifi hoctohhhbih bojihoboh BeKTop, a 
BeKTopbi vq h ho yflOBJieTBopaiOT (15) h ypaBHeHHHM 



3 3 3 



+ £ x ( £ x £ £ £(vo fc D;;;, fc + h^D^)^| I = A 2 v , (27.1) 

fc=lm=lj=l Is I 
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-^| 2 h - e x E E U*2TO* + h fc D^) = A 2 h . (27.2) 

k=l m=l 

9. B ^ajibHeiiineM SyijeM npe^nojiaraTb ,a,jia npocTOTbi, hto A 2 - coScTBeHHoe 
SHa^eHne sa^a^ii (15), (27) KparaocTH 1 (sto ycjiOBPie BbinojiHeHO rjir CHCTeMbi (1) 
o6ni;ero nojio^KeHiia) . 

^jia penieHna ypaBHeHiift (17) npii n > 1 c^ejiaeivi no^CTaHOBKH 

3 3 3 a k nufc 

wn = wl + £(srv* + sfX) + E E (G^^rf 1 + G ^^)> ( 2 8.i) 

fc=l Hm=l °ym vy m 

3 3 3 Q k nufc 

gn = g : + E(sf + sJX) + E E «^-^ + ^if^)' ( 28 - 2 ) 
fc=i fc=i m=i °y™ °y™ 

3 3 3 q k nufc 

?n = + E(s*'M + + ee (^w^f 1 + ^^r 1 )- ( 28 - 3 ) 

fc=i fc=im=i W " m 

YpaBHeHna npimiiMaiOT bh^ 

C + v (2(V X • V y )w:_, + A y (v„_ 2 + w„_ 2 ) 

3 3 q fc nufe \ 

+ 2 E E ((v y -^ • v x )g- + (v y ^ • v x )G^; fc ) 



fe=l m=l 



(3 3 a k ay^k \ 

E E (V y ^ x G- + V y ^ x G^) + V y x 
fc=lm=l "Jm / 

+ E E (V y ^ x + V y ^ x G h m h k ) + V y x g^ x H 

\fc=l m=l u jm u jm / 

(3 3 f) k Qufe \ 

Pn-1 + d + E E + ^G&) 

k=lm=l u Jm Uym / 

n-2 

" E ^n-m(v m + W m ) = 0, (29.1) 



m=0 



^(w n , g n ) + V (2(V X • V y )g^_ 1 + A y (h n _ 2 + g n _ 2 ) 

3 3 a k nufc \ 

+2 E E ((Vy^ • V X )G^ + (V y ^ • V x )G^ fe ) 

fc=lm=l Vym ) 

3 3/ q fe 

+ EEk^x(VxGj + GSxH) 
fc=lm=l \ y y™ 

f)h k \ 

+Vy ^y~ X (V X G ^ fc + G ^ X H) j 

n-2 

+V y x (V x g^ + x H) - £ A„_ m (h m + g m ) = 0. (29.2) 

m=0 
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IlOKajKeM, HTO MOJKHO nOCJieflOBaTejIbHO HaHTH I13 HHX BCe KOMnOHeHTbl aCHMnTOTH- 

necKHx pa3JiojKeHHii (3)-(5), npiineM BbinojiHeHbi cooTHonieHiia (18). IlycTb fljia HeKO- 
Toporo N peineHbi Bee ypaBHeHPia npii n < N, b pe3yjiBTaTe SToro onpe^ejieHbi 
v n , w n , h n , g n h g n npri Bcex n < N - 2, p n npri Bcex n < N - 1, a TaKJKe w", g£, q" 
h \ n npn Bcex n < N, 11 3aBiicnMOCTb Bcex Han^eHHbix Hen3BecTHbix cpyHKipra ot 
Me^jieHHoii nepeMeHHoii Bbipa>KaeTca b hx nponopuiiOHajibHOCTii e^ y . PaccMOTpiiM 
ypaBHeHne, cooTBeTCTByiomee n = N. 

Cpe^HHe nacTH ypaBHeHHii (29) npn n = N nivieiOT bh^ 

3 3 3 Q2 k fi2 h k 

k=im=lj=i uy m uy 3 <~>y m uyj 

— V y PAf_i — A 2 Vtv-2 _ AatV 

jV-3 

= -(V x (V y x w^) + (V y x g^) xH)+^ A^_ m v m , (30.1) 

m=l 

3 3 Q v fe aufc 

ijA y h„_ 2 + EE ( v y^ >< + x D^) - A 2 h^_ 2 - A^ho 

k=\ m=i a y m 

AT-3 

= -V y x (V x g^ + xH)+^ Ajv_ m h m . (30.2) 

rra=l 

CorjiacHO npeflnojioJKeHHio HHflyKUHH npaBbie ^acTii (30) mvieiOT bha f^e^ y h f^e^ y , 

Tfle BeKTOpbl-KOHCTaHTbl fjy H fjy- H3BeCTHbI, npHHeM fjy • £ = 0. 0603HaHHM MSTpHIiy 

pa3Mepa 6 x 6 b jieBofi nacra (27) nepe3 D(£). IIoflCTaBJiaa (18.1) npn n = N — 2 11 
coKpamaa MHOJKHTejib e^ y , npuBO^iiM (30) k SKBiiBajieHTHoii ciiCTeivie 

™-»(&)-^8-(^ x,w )- 

KOTopyio peinaeM b aHajiorii^HO sa^a^e (20). Hmchho, Haxo^HM A a? h BeKTop 
(vjv-2) h.w-2) b coScTBeHHOM no^npocTpaHCTBe npocTpaHCTBa V^, ^onojiHHTejibHOM k 
no^npocTpaHCTBy, HaTaHyTOMy Ha (v , ho). 3aTeM 113 (30.1) HaxofliiM Pn-i, h h3 (28) 
npn n = N — 2 - cpyHKiniii wjv-25 gw-2 h qN-2- 

OcipijiJiiipyiomHe ^acTii ypaBHeHHH (29) npn n = N paccMaTpiiBaGM npn ycjiOBHax, 
cjieflyiomHx H3 (6.2): 

3 3 a k nufc 

V x ■ = -V y ■ W N _ X -EE (Gil ■ + G h m v , k ■ V y ^), 

k=i m=i y y™ °y m 

3 3 a k auk 

V x • gjV = -V y ' g N _! -2^2^ ( G m,k ■ V Y^— + G m,fc ' Vy ), 

fc=l m=l a yni ^Jm 

no3BOJiaiomHx Bbi^ejiHTb rpa^neHTHbie ^acTii Hen3BecTHbix BeKTop-cpyHKipiii h 
gjY h CBecTH flaHHyio sa^a^y k 3a^,aHe Biyja (8) ^jih cojieHOHflajiBHbix Heii3BecTHbix. 
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TaKHM o6pa30M, nocTpoeHO nojiHoe acHMnTOTHaecKoe pa3JiojKeHne MOfl jiHHeHHbix 
B03MymeHHii h hx BpeivieHHbix HHKpeivieHTOB fljia cjiyaaa, Kor,na HeB03MymeHHoe 
HCxo^Hoe CTan,HOHapHoe cocToaHne HMeGT Hemp chmmctphh. Ecjih npeflejibHbiii one- 
paTop Lqo, onpeflejieHHbiii jieBOH aacTbio (26), sjuinnTnaeH, to moxho ^OKa3aTb 
aHajiorHHHO [Bhhihk, 1986], hto b yKa3aHHOM cjiyaae Ka>K,a,OMy coScTBeHHOMy 3Haae- 
hhk) onepaTopa OTBeaaeT bctbb coScTBeHHbix 3HaaeHHH ncxo^Horo onepaTopa 
(3a^anH (2)). 

AHajiH3Hpya npnBefleHHbie ajireSpanaecKHe nocTpoemiH, mojkho noKa3aTb (ivieTO- 
flOM MaTeMaTHHecKOH aH^yKiinn), hto (i) b pa3Jioa<eHHHx (3) Bee MjieHbi npn aerabix 
CTeneHax e caMMeTpnaHbi, a Bee ajieHbi npH Heaerabix CTeneHax aHTHCHMMeTpnaHbi 
(h cjieflOBaTejibHO V2„+i = i^2n+i — npn Bcex uejibix n); (ii) b pasjioaceHHH (4) Bee 
HJieHbi npn aerabix CTeneHax e aHTHCHMMeTpnaHbi (h cjie^OBaTejibHO p2n = npn 
Bcex n), a Bee ajieHbi npn Heaerabix CTeneHax CHMMeTpnaHbi; (Hi) \2n+i — npn 
Bcex nejibix n, T.e. coScTBeHHbie 3HaaeHHa A aBjiaiOTca pa,naMa no CTeneHHM e 2 . 

10. Ilpn peineHHH 3a,naHa 06 ycTonaHBOCTn ,o,jih HeKOToporo 3aflaHHoro CTanno- 
HapHoro MFH coctohhhh V, H, P peineHiia BcnoivioraTejibHbix 3a,n;aH (11), (12), (24) 
ii (25), onpeflejiHiomne KOsd^cbnirneHTbi TeH3opa ^ii(p(py3iiii D, mojkho Haiira HHCJieH- 
ho. BejiiiaiiHy min^| =1 (— ^{O) mojkho HHTepnpeTiipoBaTb, kbr MiiHiiMajibHbiii Koscb- 
(piiinieHT BHxpeBoa flii(p(py3iiii. 

AHajioraaHO paSoTe [Zheligovsky, Podvigina, Frisch, 2001] Sbiji nccjieflOBaH Bonpoc 
o tom, HacKOJibKO aacTO 3(p(peKT OTpan,aTejibHOH BaxpeBoa ,nH(p(py3HH BOcnpoii3BO- 
fliiTca b MOflejibHbix cjiyaaax. CTannoHapHbie nojia V, H 3a,naBajiHCb b Bii^e pa^OB 
Oypbe co cjiyaaiiHbiMii rapMOHiiKaMH (cnpoeKTiipoBaHHbix Ha npocTpaHCTBO cojieiioii- 
^ajibHbix BeKTop-(pyHKn,Hii) a 3a,naHHbiM SHepreraaecKHM cneKTpoM. 3Hepraa rap- 
mohhk SKcnoHeHuaajibHO ySbiBajia Ha 6 nopa^KOB ot 1-ro ,a,o 10-ro C(bepaaecKoro 
cjioa b npocTpaHCTBe rapMOHHK, pa^ oSpbmajica Ha bojihobmx BeKTopax fljiHHbi 10, a 
cpeflHeKBaflpaTHHHaa BejinanHa SHepran nojia SbiJia paBHa 1. PenieHna BcnoMoraTejib- 
hmx 3a^aa HCKajin HTepannoHHbiMn MeTOflaMH [>KejinroBCKHn, 2001] b BH^e pa^OB 
Oypbe c pa3penieHHeM 64 3 rapMOHHK, hto oSecneanBajio ^ocTaTOHHyio tohhoctb 
(3aTyxaHne cneKTpa penieHaa cocTaBjiajio 18-20 nopa^KOB). 

FHCTorpaMMbi nojiyaeHHbix 3HaaeHHH MHHHMajibHoro K03(p(pHirneHTa BaxpeBoa 
^H(p(py3HH npaBefleHbi Ha Phc. 1. 3(pdpeKT OTpniiaTejibHon BHxpeBoii ,nii(pcby3HH 
HaSjHO^aeTca yace npn v = rj = 3/4, hto cooTBeTCTByeT MejiKOMacniTaSHbiM KHHeivia- 
THaecKHM h MarHHTHbiM ancjiaivi PeiiHOJibflca 4/3 (npn hx onpeaejieHnn xapaKTepHbiii 
npocTpaHCTBeHHbiH MacniTaS b3ht paBHMM 1, nopa^Ka pa3Mepa Ky6a nepHOflHHHOCTH 
CTan,HOHapHoro cocToaHna). 3to HHTepecHO cpaBHHTb c pe3yjibTaTaMH [Zheligov- 
sky, Podvigina, Frisch, 2001], coraacHO KOTopbiM sdpdpeKT OTpHii;aTejibHOH BHxpeBoii 
MarHHTHoii flH(pdpy3HH b 3aflaae KHHeiviaTHaecKoro MarHHTHoro flHHaivio B03HHKaeT 
npn cymecTBeHHO Sojiee hh3khx 3HaaeHHax K03(b(pHH;HeHTa MOJieKyjiapHOH MarHHTHoii 
,HH(p(py3HH: nopor rj, npn KOTopbix BnxpeBaa MamHTHaa ^H(p(py3Ha MoaceT CTaTb 
OTpniiaTejibHOH, jiea<HT b HHTepBajie 0.2 < rj < 0.3 . 
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11=1. 



r|=0.75 



4 - 



0.4 



0.6 

(a) 



0.8 



0.0 



0.2 



0.4 



0.6 



(b) 



11=0.5 



2 - 



-0.8 



-0.6 



-0.4 

(c) 



-0.2 



0.0 



0.2 



Phc. 1. THCTorpaMMbi 3HaneHHH MHHHMajibHoro K03(p(pnn,neHTa BuxpeBoii ^H(p(py3HH 
b aHcaiviSjiax H3 25 CTamTOHapHbix MFJ\ cocto5ihhh co cjiynaimbiMH rapMOHHKaMii: 
v = n = \ (a), v = 7] = 3/4 (b), v = r) = 1/2 (c). 

Bjiaro^apHOCTH. PaSoTa BbinojiHeHa c Hcnojib30BaHneM BbmiicjiHTejibHbix cpe^CTB, 
npeflOCTaBjieHHbix (ppaHny3CKOH nporpaMMoii "Simulations Interactives et Visuali- 
sation en Astronomie et Mecanique (SIVAM)"b OScepBaTopuu Jla3ypHoro Bepera 
(Hnn,n,a). Bh3ht aBTopa (pHHaHCupoBajica MuHHCTepcTBOM o6pa30BaHna cDpaHipiu. 
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